The aim of this study was to determine the usefulness of vegetable wastes as silage for ruminants. Varying amounts of wheat straw (WS), wheat bran (WB) and salt (S) were combined with minced vegetable wastes (VW) during ensilage. Seven different ingredient combinations were investigated viz: 100% VW (Group I, control), 90% VW+9% WS+1% S (Group II), 80% VW+15% WS+ 4% WB+1% S (Group III), 70% VW+20% WS+9% WB+1% S (Group IV), 90% VW+9% WB+1% S (Group V), 80% VW+15% WB+ 4% WS+1% S (Group VI) and 70% VW+20% WB+9% WS+1% S (Group VII). The inclusion of straw and bran increased (p<0.01) the DM content of silage. The highest contents of the pure silage were CP (p<0.001), EE (p<0.01) and NFE (p<0.05). NDF contents of VW silage and group V were significantly lower and especially the VW silage was found to have the lowest ADL content (p<0.01). The in vitro ME values of VW silage and bran added silage were higher than other groups (p<0.01). pH, lactic acid and acetic acid values of silage groups were changed between 4.09-4.20, 2.43-3.46% and 0.60-0.86%, respectively. In conclusion, different mixtures of VW have a high ensilage capacity and can serve as an alternative roughage source for ruminants. The addition of 9% bran significantly improved the silage in view of both dry matter content and nutritive value. (
INTRODUCTION
Turkey has a large animal production section with approximately 11 million cattle and 30 million sheep (Anonymous, 2008a,b) . Despite these large numbers there are significant problems in terms of animal production largely due to the lack of sufficient amount and quality of roughage (Kılıç, 2005) . Of the 21.5 million hectares of cultivated land only 5.6% is used for fodder crop production (Anonymous, 2008b) . The insufficient fodder crop production and limited availability of pastures due to over grazing has meant that only the basic energy needs of the animals for survival and perhaps limited milk production (4-5 kg/d) are being met (Kılıç, 2000) . This lack of roughage has prompted interest is alternative feed sources, including the 7-10 million tones of fruit and vegetable wastes produced each year in Turkey (Vural, 2000) . There are several studies suggesting that such plant wastes could be potential feed sources for ruminants (Sarıçiçek et al., 1994; 1997; Bakshi et al., 2006; Khorshed et al., 2006; Wadhwa et al., 2006; Meneses et al., 2007) . However, as the majority of these wastes have not been evaluated as animal feed, they instead generally become important environmental pollutants (Erdem, 2005; Khorshed et al., 2006) . Utilizing these plant wastes as animal feeds would have benefits both in terms of the environment and animal production. In this way, both the national economy would be positively affected and the risks for human health would be prevented.
Fruit and vegetable wastes generally have a high moisture content and if left untreated will rot in 3-4 days (Hersom, 2006) . However, they are rich in soluble carbohydrates and thus could be easily ensiled if the excessive moisture content was addressed. Ensilage is an effective and convenient way to conserve such plant wastes for long periods (Kılıç 1986; Kinh et al., 2010) .
Consequently, the aim of the study is to determine the potential of using ensiled vegetable wastes of different market mixtures as alternative feed sources for ruminants.
MATERIALS AND METHODS

Sampling procedures and analytical methods
The main material of the study was composed of vegetable wastes obtained from three different street markets. Components of the mixture were cauliflower leaves (33%), cabbage leaves (22%), artichoke leaves (17%), carrot (8%), spinach (7%), lettuce (5%), leek (4%) and celery (4%). Collected vegetable wastes (VW) were cleaned from foreign substance and roughly broken to 5-10 cm pieces, then mixed on a clean plastic bag by hand. Different amounts of wheat straw (WS), wheat bran (WB) and salt (S) with regard to fresh weights were added to the mixture in ensilage due to high water content and low feeding value of individual VW in the mixture. For this purpose, seven different groups were formed in the study: 100% VW (Group I, control), 90% VW+9% WS+1% S (Group II), 80% VW+15% WS+4% WB+1% S (Group III), 70% VW+20% WS+9% WB+1% S (Group IV), 90% VW+ 9% WB+1% S (Group V), 80% VW+15% WB+4% WS+ 1% S (Group VI) and 70% VW+20% WB+9% WS+1% S (Group VII). Obtained mixtures were placed in two liter plastic cans by hand, firmly compressed, closed and strapped to prevent air ingress. Each group was prepared as four replicates and plastic cans were left for fermentation at room temperature for 50 days.
Samples of vegetable wastes silage (VWS) were opened after fermentation and their physical analyses carried out according to DLG standards (DLG, 1987) and their pH values were measured using a digital pH-meter (Hanna, model: HI 8314). After taking suitable samples for chemical analyses, crude nutrient contents (dry matter, crude protein, ether extract, crude ash) of feed samples were determined by Weende analyses method (AOAC, 1995) , crude fiber contents by Lepper method (Crampton and Maynard, 1938) , and cell wall components were determined by Van Soest analyses method (Goering and Van Soest, 1970) . Lactic-, acetic-, butyric acid contents of fresh ensilages were determined by distillation method (Naumann and Bassler, 1993) . In-vitro metabolizable energy contents of ensilages were estimated by their crude nutrient contents (TS, 2004) and the regression equations with ADF (acid detergent fiber) (Kirchgessner et al., 1977) .
Statistical analysis
Variance analysis was used in the statistical analysis of the obtained data and the Duncan's Multiple Range Test was used to determine the difference between groups; for this purpose, SPSS packet software was used (SPSS, 2002) .
RESULTS AND DISCUSSION
Chemical compositions of feeds and in vitro metabolizable energy values
Crude nutrient and cell wall contents of fresh vegetable wastes in dry matter (DM) basis collected from street markets and prepared ensilages mixed with straw, bran and salt are given in Table 1 and 2. Dry matter content of fresh vegetable wastes determined in the present study (12.16%, Table 1 ) is compatible with the findings reported by Sarıçiçek et al. (1994 and 1997) and Doğan (2008) for different mixtures of vegetable wastes, however, lower than the finding reported by Meneses et al. (2007) for fresh artichoke leaves (29.7%). It is natural that DM content is changeable depending on the feed types and components of mixture (Kılıç, 1986) . Organic matter, crude protein (CP) and nitrogen free extract (NFE) contents in dry matter basis of fresh vegetable wastes were lower than the values reported by Doğan (2008) for the mixture of market vegetable wastes, while the NDF (neutral detergent fiber) content was higher (Table 1) . This situation was attributed to the high cell wall contents of cauliflower, lettuce and artichoke leaves used in the mixture Meneses et al., 2007) .
So far, there have been different ensilage studies on feeding values of each vegetable and fruit (Khorshed et al., 2006; Wadhwa et al., 2006; Meneses et al., 2007; Doğan, 2008) or combined with different additives (Sarıçiçek et al., 1994; 1997; Kılıç, 2005; Bakshi et al., 2006; Gündüz, 2007; Kinh et al., 2010) . However, no information was given in the studies regarding the ratios of feed materials used in the mixtures. Such materials generally have high water contents; therefore, it necessitates the use of raw material with high DM content for ensilage (Kılıç, 1986 ). In the present study different amounts of straw and bran additions were used to increase the DM content of the initial material. The decrease in the DM content of pure vegetable wastes silage (VWS) compared to initial material was compatible with the finding determined by Sarıçiçek et al. (1994 and 1997) for the mixture of cabbage+marrow and white cabbage silages (10.51 and 12.24%, respectively), but lower than the values found by Sarıçiçek et al. (1997) for black cabbage silage (23.30%), and the values determined by Alçiçek et al. (2000) and Meneses et al. (2007) for artichoke waste silage (25.34 and 25.8%, respectively). Straw and bran additions significantly increased the DM content in all silage groups compared to control group (p<0.01). As the feeds with high DM content were added to mixture, DM contents of mixture silages increased. In addition, CP, EE, CF and NFE levels of VWS were significantly improved. This situation supports the reports that ensilage is the most convenient way to conserve nutritive values of feeds (Kılıç, 1986; Sarıçiçek et al., 1994; 1997; Khorshed et al., 2006) . The highest CP and EE contents (22.59 and 4.25%, respectively) were determined in VWS; in addition, CP and EE contents of silage groups were significantly decreased with the increasing amount of straw and bran additions compared to control group. CP and EE values determined for VWS were compatible with the results reported by Sarıçiçek et al. (1997) for black cabbage silage (22.92 and 4.29%, respectively) and by Bakshi et al. (2006) for cauliflower leave silage (20.4%, for CP). CP and EE contents of especially groups V, VI and VII were higher than those of groups II, III and IV (p<0.001, p<0.01, Table  2 ). This could be explained by the fact that protein and fat contents of wheat bran used as additive are higher than those of wheat straw. In addition, EE contents of treatment group changed between 2.69-4.06%, which was compatible with the values determined by Sarıçiçek et al. (1994) .
In the study, VWS had the lowest CF content (13.24%, p<0.01, Table 2 ), while its maximum levels were naturally determined in straw added groups II, III and IV. Findings on CF content of VWS were incompatible with the results of Sarıçiçek et al. (1994 and 1997) , and Khorshed et al. (2006) , while the values of II, III and IV groups were compatible. CF contents of V and VI groups with high bran additions were significantly lower than the values of control and other groups (p<0.01). Considering NFE, VWS provided significantly lower results compared to all the treatment groups (p<0.05); however, no significant difference was detected between the treatment groups (p>0.05, Table 2 ). Compared to treatment groups, the low NFE content of VWS could be attributed to the loss of easily soluble carbohydrates in silage water. The findings on high NFE contents of treatment groups were highly similar to the results of previous studies (Sarıçiçek et al., 1994; Alçiçek et al., 2000; Gündüz, 2007) .
III and IV groups mainly with straw addition had the highest contents of NDF (55.92 and 53.44%, respectively, Table 2 ), which were followed by II and VII groups (p<0.01). This finding was partially compatible with the result (58%) of Bakshi et al. (2006) on cauliflower leaf silage with straw addition. In fact, it was accepted that NDF content increased with straw addition. The lowest NDF content was determined in VWS (28.69%) and group V with only bran addition (30.52%) (p<0.01). Results of the NDF content of VWS was partially compatible with the result (31.5%) reported of Bakshi et al. (2006) , while it was lower than the results reported by Alçiçek et al. (2000) and Meneses et al. (2007) for artichoke waste silage (49.71 and 50.9%, respectively). NDF content (30.52%) obtained with the addition of 10 % of bran to VWS was similar to the result (30.5%) that Kinh et al. (2010) obtained with the same amount of bran addition. The low NDF content indicates that the consumption potentials of control and group V silages could be higher than other groups.
The lowest ADF content was determined in V group with only bran addition (19.73%, p<0.001) and this finding was similar to the result (19.8%) of Kinh et al. (2010) . The groups with mostly straw addition (groups II, III and IV) naturally had high ADF contents and no difference was detected between the groups. This finding was lower than the result of Bakshi et al. (2006) . On the other hand, ADF contents of VWS and VII group were similar. ADF content of VWS (26.49%) was compatible with the result of Bakshi et al. (2006) , however, lower than the results of Alçiçek et al. (2000) and Meneses et al. (2007) . A significant increase was observed in the ADF content of VWS compared to initial material. In fact, this value which was 21 % at the beginning increased to 26% following ensilage. This change was related to easily soluble carbohydrates in the initial phase of ensilage (Asbell and Donahaye, 1984) . The highest ADL content was found in IV group (7.47%), while the lowest was in VWS (3.98%); however, it was generally found similar in all groups (p<0.01, Table 2 ). The ADL value of control silage was compatible with the result reported by Alçiçek et al. (2000) for artichoke silage (5.22%), however, lower than the values of Bakshi et al. (2006) and Meneses et al. (2007) (7.6 and 7.5%, respectively) . The highest cellulose content was determined in the group III (28.19%), and the lowest was in the group V (13.5%) (p<0.01). Considering this parameter, no significant difference was detected between the groups with mostly straw additions; however, the cellulose content increased with high levels of bran additions. Cellulose content (23.16%) determined for VWS was lower than the value (35.57%) of Alçiçek et al. (2000) , but close to the value (26%) of Meneses et al. (2007) .
The in vitro metabolizable energy (ME/kg DM) values of VWS are given in Table 3 . Considering the ME values were estimated from crude nutrients of silages, the highest values were determined in VWS (10.12 MJ/kg) and mostly bran added groups (10.39, 10.36, 9. 84 MJ/kg) (p<0.01). For the estimation of ME values of roughages for ruminants ADF from the cell wall fractions was reported as the most convenient parameter (Kirchgessner et al., 1977 , Alçiçek et al., 2000 . Accordingly, the highest ME value estimated from ADF contents of silages was determined in the Group V (11.74 MJ/kg), and it was statistically significantly different from the other groups (P<0.001). In the study, ME values of VWS and bran added groups were similar. On the other hand, the lowest ME value was detected in straw added groups (groups II, III and IV), it can be seen in Table  3 that additive levels had no significant effect on ME value of silages. The results on ME values of VWS was compatible with the findings of Sarıçiçek et al. (1997) ; however, it was found lower than the result of Sarıçiçek et al. (1994) , and higher than the result of Alçiçek et al. (2000) .
Fermentative quality properties of silages
Physical and chemical quality properties of fresh vegetable waste silages are given in Table 4 . No significant difference was detected in pH values between the groups (p>0.01). The pH values were in the boundaries estimated for good quality silages (Kılıç, 1986; Ensminger et al., 1990) . The pH value (4.16) of VWS was higher than the value reported by Alçiçek et al. (2000) for artichoke waste silage (3.42), but similar to the result (4.11) of Meneses et al. (2007) . The pH values of groups with additions were compatible with the results of Sarıçiçek et al. (1994) , but lower than the value (4.83) reported by Khorshed et al. (2006) for the silages of different fruit and vegetable mixtures.
There was no significant difference between the groups considering lactic-, acetic-and butyric acid contents. The maximum lactic acid (LA) content (3.46%) was determined in Group III, while the lowest LA content (2.43%) was in VWS. Silages with high LA concentrations were reported to have high nutrient density, more delicious and odorous; therefore, they had higher intake potential (Meneses et al., 2007) . The LA contents of all groups were higher than the value (2%) estimated for good quality silages (Kılıç 1986 ). These values were higher than the results of Sarıçiçek et al. (1994; 1997) , but similar to the results of Kinh et al. (2010) . Acetic acid (AA) contents of silages varied between 0.60-0.86%, which was higher than the value (0.3-0.6%) estimated for good quality silages (Kılıç, 1986) . On the other hand very little butyric acid (BA) was detected in any group. Considering the organic acid contents of silages, all silages were found to have "very good" quality. Groups with straw and bran additions had the best values regarding color and odor, while the worst values (1.75 and 6.00, respectively) were determined in VWS (p<0.01, Table 4 ). There was no significant difference between groups considering structure; however, the lowest value was observed in VWS. Considering the physical quality properties of silages, all the silages except for I, II, III and V groups were found to have "good" quality.
As a result of the study, it was clearly established that the mixtures of different vegetable wastes had high ensilage capacities, the obtained pure silage was concluded as an alternative roughage source especially for ruminants due to its high CP, EE, ME and low NDF, ADL contents; however, 9% of bran addition to this material would result in even better quality silage in view of both dry matter and nutrient contents.
The quality of silages obtained from such materials with continuous production all the year round is highly changeable depending on the types and ratios of components added in it. For this reason, a more comprehensive study including the feeding experiments is needed. Strategies for using such wastes as animal feeds should be immediately established in view of both filling the gap in roughage demand and preventing environmental pollution.
